The evolution of orbital angular momentum distributions within the radiative parton model is studied. We use different scenarios for the helicity weighted parton distributions and consider a broad range of input distributions for orbital angular momentum. In all cases we are lead to the conclusion that the absolute value of the average orbital angular momentum per parton peaks at relatively large x ≈ 0.1 for perturbatively accessible scales. Furthermore, in all scenarios considered here the average orbital momentum per parton is several times larger for gluons than for quarks which favours gluon initiated reactions to measure orbital angular momentum. The large gluon polarization typically obtained in NLO-fits to DIS data is in each case primarily canceled by the gluon orbital angular momentum.
Introduction
The correct treatment of orbital angular momentum is one of the theoretically most important and probably also most controversal problems in hadron spin physics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . On the one hand the ususal NLO-fits to deep inelastic data predict a very large gluon spin (of order 1 ) which has to be balanced by a correspondingly large negative orbital angular momentum contribution. As this orbital angular momentum results in substantial transverse momentum with respect to the spin orientation, it should be e.g. observable in specific semi-inclusive reactions with transversely polarized nucleons. Thus it is not just a formal construction of the theoretical description, but a real physical quantity. On the other hand the most natural definition of angular momentum is not gauge invariant. Naturally one is free to chose any specific gauge and we will actually work in the lightcone gauge A + (x) = 0, but even after fixing this gauge there remains some residual gauge-freedom. Different attempts to come to terms with this problem differ in their interpretation of what is called gluon spin, quark orbital angular momentum and gluon orbital angular momentum. The only uncontroversal quantity is the quark spin distribution. The case for our choice (which was first proposed by Ji et al. [7] and Jaffe et al. [1] )
was recently substantially strengthened by Bashinsky and Jaffe [6] . They proposed a gauge-invariant formulation which in the A + (x) = 0 gauge reduces to the form we used. In doing so they could specify that the residual gauge-freedom can be fixed by the additional constraint A µ (x ν → ∞) = 0. Based on their work we can therefore conclude that our treatment gives results which can be interpreted in a straightforward manner (i.e. our orbital angular momentum corresponds re-ally to the naive interpretation) up to effects related to gauge field configurations for which the combined gauge condition
does not apply. (We are not aware of any physically sensible gauge-field configuration for which the choice (1) would not be possible.)
In [10] we derived the complete coupled evolution equations for all moments, which read:
In this contribution we present results of numerical studies for these evolution equations. The details of how the numerical Q 2 -evolution was done are given in the appendix.
Results
A study of the evolution of orbital angular momentum requires the knowledge of the helicity weighted parton distributions, which have not yet been determined with sufficient precision. We take this uncertainty into account by using two different sets of polarized distributions, namely the GRSV leading-order standard and gmax scenario [14] . For both sets analytic expressions of the polarized parton distributions are given at a very low hadronic scale of µ 
quarks and gluons carry barely any orbital angular momentum at the initial scale.
This means that predictions for this scenario should be largely independent on
is moderately positive, the main features of the gmax scenario are a saturated scenario, respectively. It is reasonable to assume that at a low hadronic scale the quark orbital angular momentum is mainly carried by valence quarks so that
). Additionally, we distributed the initial orbital angular momentum evenly between quarks and gluons such that
) are negative and decrease for growing µ 2 . This behaviour has been expected since the quark axial charge is conserved under leading-order evolution whereas ∆g(µ 2 ) is positive and grows approximately like
. Therefore, the total orbital angular momentum must decrease when µ 2 increases. Fig. 1 and 2 also show that the average orbital angular momentum
2 )) has its maximum at a relatively large x-value of approximately 0.1. Additionally, in both scenarios gluons 1 Throughout the paper we adopt the shorter notation ∆f (µ 2 ) for the first moment ∆f
carry far more orbital angular momentum per parton than quarks do.
The assumptions made about the initial quark and gluon orbital angular momentum distributions in fig. 1 and 2 are somewhat arbitrary. We checked therefore how they affect the evolved distributions at perturbative scales. For all following results we chose the scale to be µ 2 = 10 GeV 2 . In fig. 3 we varied the
) by setting one of the distributions to 0 and attributing all of the missing angular momentum to the other. While this does not lead to a significant change of
approximately by a factor of 7 in the gmax scenario. We also checked the dependence of the evolved orbital angular distributions on the shape of
Only results for the gmax scenario are shown because according to fig. 3 the results in the standard scenario depend only weakly on the initial orbital angular momentum distributions. In the upper part of fig. 4 we set 
Both quantities have a contribution which vanishes like a negative power of t for µ 2 → ∞ and a also a constant term. However, the −∆g(t) contribution only appears in equation (9) which is consistent with our numerical results.
Conclusions
We studied the evolution of orbital angular momentum in the GRSV standard and gmax scenario for a variety of input distributions L q (x, µ 2 0 ) and L g (x, µ 2 0 ). The ratio of both distribution functions to the unpolarized parton distribution functions peak at relatively large x ≈ 0.1 at perturbatively accessible scales. This result sustains the hope to find signs of orbital angular momentum for example in semi-inclusive reactions. Gluon initiated reactions might be better suited since the average orbital angular momentum per parton is several times larger for gluons than for quarks in all scenarios considered here. (However, one should keep in mind that L g (µ 2 ) is closely coupled to ∆g(µ 2 ) by the evolution equations so that its dominance over L q (µ 2 ) should be less pronounced for very small ∆g(µ 2 0 ).) We found furthermore that L g (µ 2 ) and ∆g(µ 2 ) cancel to a large extent.
is much more stable under variation of the input distributions for orbital angular momentum than L q (x, µ 2 ). It almost exclusively depends on the polarized quark singlet and gluon distributions. Thus the radiative parton model should successfully predict L g (x, µ 2 ) once the polarized distribution functions are determind with good precision.
Appendix

A Solution of the evolution equation
For the sake of completeness we also present the solution of the evolution equations (6) . First of all, we calculate transformation matrices U LL,n and U SS,n which diagonalize the anomalous dimension matrices A n LL and A n SS , respectively.
The eigenvalues are simply given by
Defining new spin and orbital angular momentum distributions by
the evolution equations for quark and gluon orbital angular momenta decouple:
The solution of the evolution equation for the diagonalized spin distributions is
where we used
6
The notation in Eq. (17) is such that A n SS,+ in the exponent must be used for S n + (t) and accordingly A n SS,− for S n − (t). Defining
we can put Eq. (16) into a non-matrix form
with the solution
The integral in the last term of the solution can be easily calculated to be
Based on the analytic solution of the evolution equations for the moments of the orbital angular momentum distributions one can solve the evolution equations for L g (x, µ 2 ) and L q (x, µ 2 ) using the Mellin transformation method [15] . 
